This paper addresses the issue of whether tax revenue from alcohol lost through cross-border shopping could be recouped by cutting excise duties. This in turn depends on the elasticity of demand for alcohol.
I. INTRODUCTION
Since the introduction of the Single Market, successive Chancellors have been under pressure to cut alcohol taxes to reduce the level of cross-border trade that is being driven, at least in part, 1 by differentials between duty rates in the UK and other EU countries. From an economic perspective, cross-border shopping is inefficient to the extent that decisions are determined by taxes rather than by * All the authors are at the Institute for Fiscal Studies. This study is part of the research programme of the ESRC Centre for the Microeconomic Analysis of Fiscal Policy at IFS. Material from the Family Expenditure Survey, made available by the Office for National Statistics through the ESRC Data Archive, has been used by permission of the Controller of Her Majesty's Stationery Office. Thanks are due to Ian Preston and two anonymous referees for helpful comments. All errors are the sole responsibility of the authors. 1 Differences in pre-tax prices would also create an incentive for cross-border shopping.
underlying economic factors. A second problem from the government's point of view is that cross-border shopping represents a loss of indirect tax revenue -an estimated £185 million of lost excise duty and VAT receipts on beer, wine and spirits in 1996.
2 However, this contrasts with total duty and VAT receipts on beer, wine and spirits of £9,545 million in 1996-97. 3 If the Chancellor were to cut duties, whether or not he would get more indirect tax revenue depends on the balance of two effects. Any consequent increase in domestic demand for alcohol would increase revenues (for a given tax rate), but the lower tax per unit of sales would cause revenues to fall (for a given level of demand). Given tax rates and spending, the overall effect on indirect tax revenue depends on the price sensitivity of demand for alcohol. Empirical estimates by Crawford and Tanner (1995) of the own-price elasticities of demand for beer, wine and spirits one year after the introduction of the Single Market have shown that cutting duties on beer and wine would lead to a loss of indirect tax revenue. In the case of spirits, however, the authors could not statistically reject the hypothesis that a cut in duties would lead to an increase in total indirect tax revenue.
This paper extends the analysis in two important ways. First, additional years of data from the Family Expenditure Survey (FES) up to the end of 1996 are used to re-estimate the price elasticities of demand for beer, wine and spirits and to reassess whether there is a revenue case for cutting -or increasingalcohol duties. This is important since it may take time for consumers to change their behaviour following the completion of the Single Market. Second, we extend the analysis of the impact of duty changes on indirect tax revenue to take account of cross-price elasticity effects. If it is the case, say, that wine and spirits are close substitutes for beer, at least some of any increase in demand for beer that followed a cut in the duty on beer would be met by a fall in demand forand revenue from -wine and spirits. This would make it less likely that a cut in beer duty is revenue-enhancing. We present empirical estimates of the crossprice elasticities and consider their implications for the revenue effects of changes in duty.
The plan of the paper is as follows. In the next section, we document trends in average real spending on beer, wine and spirits using FES data from 1979 to 1996. 4 We look separately at spending in the South-East, where we might expect cross-border shopping to have had a greater impact. Section III discusses the economics of alcohol taxation. In particular, we focus on the revenue implications of changes in alcohol taxes, and how to assess whether cutting duties will cause tax revenue to rise or fall. Section IV presents our empirical estimates of the price elasticities of demand for beer, wine and spirits and our assessment of the impact of the Single Market on the price responsiveness of demand for beer, wine and spirits. Section V concludes.
II. LONG-TERM TRENDS IN ALCOHOL SPENDING
Mean weekly household spending on beer, wine and spirits bought in the UK 5 is plotted in Figure 1 using data from the FES since 1979.
6 Point-wise confidence intervals are shown at the 95 per cent level. Over the period, real spending on beer has remained fairly constant, with an average real increase between 1979 and 1996 of less than half a per cent each year. There has been a long-term decline in spending on spirits of 2.5 per cent on average a year and a steady 1995 1981 1983 1985 1987 1989 1991 1993 3 2 1 Spirits South-East UK Confidence interval increase in spending on wine, which increased on average by 3.8 per cent each year. Figure 1 also looks separately at sales in the South-East (including Greater London). Distance from the border affects the costs -and hence the profitability -of cross-border shopping. Here, we look at whether there are different regional trends in alcohol sales after the introduction of the Single Market at the beginning of 1993.
We allow for four possible effects of cross-border shopping on domestic demand for alcohol, reflecting combinations of a one-off downward shift in real spending and a slower growth in spending than prior to the completion of the Single Market. There is no evidence of either a discrete change or a change in the trend for beer and wine in the UK or in the South-East, and this is confirmed by regressing expenditure on beer and on wine on a yearly trend, a dummy for the Single Market and the dummy interacted with the trend (the results are reported in Appendix A). Both effects are significant 7 for spirits in the UK but the results show a one-off increase in the level of spending together with a greater downward trend. For spirits, we also find evidence of slower growth in spending in the South-East after the completion of the Single Market.
Other cost factors that may affect the profitability of cross-border shopping might include whether households have a van or a car and whether people in the household are in full-time work (which increases the opportunity cost of time). It should be noted that a full assessment of the effect of the Single Market requires us to control for these and other factors (such as changes in total spending and demographic variables) that may affect demand for alcohol, which we do in Section IV.
III. TAX RATES AND REVENUES
Two indirect taxes are charged on alcohol in the UK. All alcohol is subject to the standard rate of value added tax (17.5 per cent). In addition, excise duties are levied at different rates according to the type of alcohol. Duty on beer and spirits is charged -at different rates -according to alcoholic content. The rate of duty on wine is applied to volume of wine and is only loosely related to alcoholic strength. Since the same amount of duty applies to all wine within a range of strengths, the implied level of duty per unit of pure alcohol actually falls within the band as the alcoholic strength increases. Table 1 shows the levels of duty charged on beer, wine and spirits on a comparable basis of duty per litre of pure alcohol. Beer is the least heavily taxed, then wine, while spirits are the most heavily taxed. Alcohol in the form of spirits is taxed more than 70 per cent more heavily than alcohol in the form of beer.
Taking account of VAT as well as excise duties, 62 per cent of the final price of a bottle of spirits represents tax, compared with 51 per cent of the price of a bottle of wine and 30 per cent of the price of a pint of beer.
8 The higher duty on spirits is in spite of nominal cuts in the rate of duty on spirits in 1995 and 1996. Figure 2 shows the real values of excise duty on beer, wine and spirits since 1978.
One possible economic justification for imposing additional taxes on alcohol relies on instances of market failure. First, people may lack information regarding some of the possible adverse health effects of drinking alcohol. If so, alcohol taxes can be used to reduce consumption to a level that individuals would choose if they were fully informed. Second, there may be external social costs, such as the potential anti-social consequences of drunkenness, that individuals do not consider when they decide how much alcohol to consume. Since the externality is linked to the quantity of alcohol, a sensible system would seem to be to tax the quantity of alcohol on a uniform basis. To justify taxing alcohol in different forms in different ways, it needs to be shown that consuming alcohol in different forms is associated with different levels of social cost. In practice, these economic arguments may be used to justify imposing additional taxes on alcohol in the first place, but setting the actual levels of tax rates each year is more likely to be a question of raising revenue.
9 Crawford and Tanner (1995) discussed the relationship between the tax-inclusive and taxexclusive prices and the own-price elasticity of demand at the point of revenue maximisation (assuming zero cross-price effects). Given the current tax-inclusive and tax-exclusive prices, there is a critical elasticity level that implies that the current tax rate is revenue-maximising. At this point, the revenue effect from a change in demand following a change in the level of duty exactly offsets the revenue effect per unit sold. If the actual elasticity is (absolutely) smaller than this critical level, then the actual tax rate is below its revenue-maximising level and increases in the tax rate will cause revenue to rise. Similarly, if the actual elasticity is (absolutely) larger than this critical level, then the actual tax rate is above its revenue-maximising level and revenue can be increased by cutting taxes. Comparing the critical elasticity levels for beer, wine and spirits with estimates of the own-price elasticities, Crawford and Tanner (1995) concluded that the rates of tax on beer and wine were below their revenue-maximising levels and that further increases in the rates of tax would cause tax revenues to rise. In the case of spirits, however, it could not be rejected that the current rate of tax was revenue-maximising.
However, their analysis considered only the effect of changing the tax rate on demand for the good itself and ignored the effects of changing the tax rate on demand for complements and substitutes that have additional indirect tax revenue implications if purchased domestically. If the duty on beer changes, this is likely to affect not only the demand for beer but also the demand for other goods. The extent to which these other goods are substitutes or complements (and the rate at which they are taxed) will determine the overall effect on indirect tax revenue. As an example, if spirits and wine are substitutes for beer, and beer duty is cut, then the fall in the price of beer will lead to a fall in demand for wine and spirits and hence a fall in revenue from these goods. This means that, for the overall effect on total indirect tax revenue to be positive, the own-price elasticity of beer would have to be (absolutely) larger than when no cross-price effects were considered. If spirits and wine are complements for beer, then the opposite is true.
We extend the analysis to include cross-price effects. Crawford and Tanner (1995) show a special case of this more general approach where all the crossprice effects are zero. Denote the tax rate on good i by τ i , total tax revenue from all goods by R, the quantity demanded by q i and the tax-exclusive price by π i ; then the total indirect tax revenue function with n goods is given by
where q i is a function of all tax-inclusive prices, p i , the available budget, x, and a set of demographic, regional and other variables, z:
. Differentiating (1) with respect to τ i , we obtain
By definition, assuming no change in the pre-tax price, 
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In the next section, we calculate ∂ ∂ R i / τ using estimates of the own-price elasticities of beer, wine and spirits and the cross-price effects.
/ τ 0 and solving for the own-price elasticity of demand and the corresponding tax-inclusive prices at which total tax revenue is maximised (denoted ε ii * and p i * respectively), we obtain
which is the critical level of the own-price elasticity of demand that must hold if the current tax rate on good i is revenue-maximising. Note that if there are no cross-price effects, then we get the result from Crawford and Tanner (1995) that the absolute value of the critical elasticity is simply the inverse of the amount of tax as a proportion of the tax-inclusive price. Including the cross-price effects increases the absolute value of the critical elasticity in the case of complements and reduces it in the case of substitutes. The bigger the absolute value of the cross-price effect, the greater the change in the magnitude of the critical elasticity. However, the impact of each cross-price effect is weighted by the ratio of the amount of tax per unit of the complement or substitute to the amount of tax per unit of the good itself. The more heavily taxed the complement, the bigger the revenue effect for a given change in demand for the complement and the more demand for the own good has to change to keep total revenue constant.
The Single Market
When consumers are able to engage in cross-border shopping, it is not only the level of demand for domestic complements and substitutes that will be affected by changes in the level of taxation. Another possible response to an increase in the price of a domestic good is for consumers to purchase the same good across the border. By providing an additional close substitute for domestically purchased alcohol, the effect of the Single Market is likely to increase the (absolute) level of elasticity for domestic alcohol (other things being equal). The fact that there are fixed costs to crossing the border means that not all consumers will buy alcohol across the border in spite of price differentials. Whether or not consumers engage in cross-border shopping is likely to be affected by their geographical proximity to the border as well as by factors such as access to transport and the opportunity cost of time. Initially, the Single Market is likely to lead to a one-off fall in the amount of alcohol bought in the UK as those with the lowest fixed costs of cross-border shopping switch to buying some or all of their alcohol across the border. Subsequent further increases in the price of domestic alcohol will make it more attractive to consumers with slightly higher fixed costs to buy alcohol across the border. After completion of the Single Market, a given change in the price of alcohol in the UK is likely to result in a larger change in demand for domestic alcohol (other things being equal) -that is, an increase in the own-price elasticity of demand.
However, against this must be offset the possibility that a change in the characteristics of the set of consumers who continue to buy alcohol in the UK might work to reduce the price elasticity of demand. For example, only the most price-sensitive consumers might switch to buying alcohol across the border as a result of the Single Market, while the least price-sensitive consumers remain. This compositional effect may mean that the (absolute) elasticity among remaining domestic consumers actually falls. For this reason, the effect of the Single Market on the observed own-price elasticity of demand cannot be determined a priori but is an empirical matter which we investigate further in the next section.
The Single Market is also likely to have an effect on the cross-price elasticity of demand for other goods, including different types of alcohol. In practice, the decision to shop across the border is likely to be triggered by large price differentials on particular goods (trigger goods). But once consumers have decided to shop across the border, they are likely to buy other goods that are also available more cheaply but for which the cost savings may not be enough to cover the fixed costs of cross-border shopping. For a given increase in the price of a trigger good in the UK, we would therefore expect to see a greater reduction in domestic demand for these other goods as a result of cross-border shopping. After completion of the Single Market, the cross-price elasticity of demand for these other goods with respect to a change in the price of a trigger good is likely to be (absolutely) larger (other things being equal). Goods that are already complements before the Single Market are likely to become more complementary; goods that are substitutes before the Single Market are likely to become less so. If beer and wine, say, are substitutes, then before the Single Market consumers will respond to an increase in the price of beer by buying more domestic wine; after the Single Market they will buy more beer and wine across the border. Note that we would only expect to see significant changes in cross-price effects where one or both of the own-price elasticities also change. For example, we would only expect the price sensitivity of demand for beer with respect to the price of wine to change significantly if the own-price elasticity of demand for beer or wine has also changed significantly.
IV. EMPIRICAL EVIDENCE
This section uses data from the Family Expenditure Survey from 1979 to 1996 to examine the theoretical issues raised above. The resulting sample contains 118,178 observations. We estimate a system of demand equations for domestically purchased beer, wine, spirits and other goods and obtain estimates of the own-price and cross-price elasticities of demand. We examine whether the Single Market has had an effect on domestic demand responsiveness by comparing estimates of elasticities before and after its completion. Using the estimated own-and cross-price effects, we test whether revenue is maximised and, if it is not, we assess whether further increases in the indirect tax rate are likely to cause indirect tax revenue to rise or fall.
The Model
We assume two-stage budgeting; that is, we assume that households behave as if they make a prior allocation of income to saving and broad categories of expenditure before they decide how much to spend on individual items within these categories. 10 This allows us to look at the allocation within a budget. We use the Quadratic Almost Ideal Demand System (QUAIDS) of Banks, Blundell and Lewbel (1997) . This is an empirical model of how households allocate their spending across different groups of goods, given total expenditure levels (decided in a previous stage of the decision process), conditional on the relative prices of those goods, the level of total expenditure, 11 household composition and other observables. The general form of the model is 
10 Gorman, 1976. 11 The level of total expenditure is treated as endogenous and we estimate the model by instrumental variables using total household income and total household income squared as instruments. The standard errors reported with the results reflect this.
For each good i, the budget share 12 of household h spent on beer, wine or spirits ( w i h ) is treated as a function of log prices ( ln p i ), the log of total nondurable expenditure deflated by a price index a To capture the effect of the Single Market more generally, we include a Single Market dummy and interact it with log prices. We impose the usual restrictions on the empirical model: adding-up (the sum of the budget shares must be 1 so that all of the available budget is spent), homogeneity (doubling the budget and all the prices simultaneously does not affect demands) and symmetry (price responses in different equations are consistent). 13 The full restricted regression results are reported in Appendix C. 
Elasticity Estimates
From our results, we obtain estimates of the demand elasticities for beer, wine and spirits. 15 The estimated elasticities are reported in Table 2 for the four years up to the completion of the Single Market ( $ ε ji nsm ) and for the four years following ( $ ε ji sm ). Standard errors are shown in parentheses. The diagonal elements of the table are the own-price effects and the off-diagonal elements are the cross-price effects. In both time periods, beer is the least elastic of the three 12 Expenditure on beer, wine and spirits in the UK as a proportion of non-durable expenditure. Note that we are unable to address the issue of quality change in response to price changes with these data.
13
Symmetry is slightly more complicated than usual in this model because of the way in which the dummy variable indicating whether or not each household was observed during the period of the Single Market multiplies the prices. This means that, for a household observed before the Single Market, the price terms are 
14 The parameter α 0 is fixed to be ln min{ } x (which is 0.288 in our sample) and the estimation is an iterative process which is treated as converged once the maximum absolute change in the parameter vectors becomes less than half of one per cent. types of alcohol and wine is the most elastic. From the cross-price effects, we can see that beer and wine are complements, as are beer and spirits, while wine and spirits are substitutes. For example, the estimated own-price elasticity of beer before the Single Market was -0.74, indicating that a 1 per cent increase in the price of beer would reduce demand by an (expected) 0.74 per cent. Also, prior to the Single Market, a 1 per cent increase in the price of beer would reduce demand for wine by 0.73 per cent and demand for spirits by 0.59 per cent. Table 3 shows the elasticities for the South-East. These are not significantly different from those for the UK as a whole (see Appendix B). Section II looked at levels of average spending on alcohol to gain some idea about the effect of cross-border shopping on domestic demand. We can now test formally whether there has been any significant change in the own-price and cross-price elasticities after the completion of the Single Market. 16 We test the null hypothesis that the true (population) elasticities are the same in the period before and after the Single Market (H 0 : ε ε . We perform the test only for the whole of the UK since these elasticities are not significantly different from those for the South-East. The t-statistics are reported in Table 4 . We cannot reject the null of no change for any of the own-or cross-price effects. We next turn to the issue of whether current rates of duty are revenuemaximising and, if they are not, whether a further increase in tax rates will cause total revenue to rise or fall. From equation (6), we can calculate ∂ ∂ R i / τ for current tax rates and test whether it is equal to zero -the point at which revenue 16 Note that we are not looking at whether the elasticities for households with given characteristics have changed after the Single Market. We are merely testing whether the elasticity has changed taking into account that households may have different characteristics before and after the Single Market since it is this that matters for revenue. Table   5 . We reject the null hypothesis for beer and wine but not for spirits. For beer and wine, ∂ ∂ R i / τ is positive, which means that tax rates are below their revenue-maximising levels. However, we cannot reject that the current tax rate on spirits is at a revenue-maximising level, implying that a further increase in duty on spirits would lead to a fall in indirect tax revenue. Crawford and Tanner (1995) . Again, we cannot reject the null hypothesis for spirits, which is in line with what Crawford and Tanner (1995) found. Excluding the cross-price effects, we also cannot reject that the current tax rate on wine is revenue-maximising. This shows the importance of taking account of cross-price effects. An increase in the price of wine following a duty rise will cause a fall in demand for beer (which is a complement for wine) but an increase in demand for spirits (which is 17 To calculate ∂ ∂ R i / τ at 1999 tax rates, we update prices and total non-durable spending to March 1999 using RPI sub-indices and recalculate elasticities. Figures from the National Accounts are used for average spending on beer, wine, spirits and total non-durables. Beer is defined as a pint of bitter bought on licensed premises at 3.9% abv, wine is a 75cl bottle of table wine at less than 15% abv and spirits is a 70cl bottle of whisky at 40% abv. Tax rates for beer, wine and spirits are obtained using typical prices from HM Customs and Excise (1998b) updated to March 1999 using RPI sub-indices.
The tax rate for all other goods is assumed to be 10.5%, reflecting the fact that approximately 60% of goods are subject to 17.5% VAT.
a substitute for wine). The fall in demand for beer makes it more likely that an increase in duty on wine leads to a fall in total indirect tax revenue from alcohol. But the effect from the change in demand for spirits works in the other direction. The final effect on indirect tax revenue depends on the balance of the effects on indirect tax revenue from the change in demand for wine, beer and spirits. In fact, the increase in demand for spirits is likely to have the greatest indirect revenue effect (for a given level of demand) since spirits are the most heavily taxed form of alcohol. Hence taking account of the increase in demand for (and revenue from) spirits following an increase in the price of wine makes it more likely that increasing wine duty will increase total indirect tax revenue.
V. CONCLUSIONS
This paper addresses two related issues: first, the effect of the Single Market on domestic demand for alcoholic drinks; and second, whether there is a revenue case for changing the current level of duties. Duty on alcohol is an important source of revenue for the Chancellor and there has been concern about revenue lost to cross-border shopping since the completion of the Single Market in 1993. However, cutting duties will restore demand but will lead to a loss of tax on each unit sold. We show that the effect on indirect tax revenue of a change in the level of duty depends on the price elasticity of demand for the good itself and the cross-price elasticity of demand for other goods. We argue that the effect of the Single Market on price elasticities is a priori ambiguous. The availability of an additional substitute to domestically purchased alcohol is likely to increase the price elasticity of demand. But the fact that only the most price-sensitive consumers are likely to shop across the border is likely to work in the other direction. We use estimates of own-and cross-price elasticities for beer, wine and spirits to address these two issues. We find no evidence of a significant change in the elasticity of demand for beer, wine or spirits after 1993, controlling for other household characteristics. We find that the duty rates on beer and wine are below their revenue-maximising levels, so cutting duty on those drinks is likely to cause indirect tax revenue to fall. We cannot reject that the current duty on spirits is at the revenuemaximising rate, implying that an increase in duty on spirits is likely to decrease indirect tax revenue. Given this result, and the bias against spirits in the amount of duty imposed per unit of alcohol when compared with other types of alcohol, there may be a case for not increasing the tax rate on spirits any further if the Chancellor does not want to lose revenue. 
APPENDIX
